Introduction: The influence of vaccination on healthy (non-infected) rabbits treated with Schistosoma mansoni egg antigens, cercariae, and worms as prophylactic agents against infection, and the benefit of beta alanyl-l-histidine treatment against Schistosoma mansoni infection were investigated. Methodology: This study involved individual injection of three Schistosoma mansoni antigens: soluble egg antigen (SEA), cercarial antigen preparation (CAP) and soluble worm antigen preparation (SWAP), in three rabbit groups, respectively. Three other groups each received the same specific antigen in conjunction with the administration of (beta alanyl-l-histidine) L-carnosine. Hepatic total protein, glycogen and glycogen phosphorylase, total serum protein and one diminution electrophoresis of protein fractions (180 KDa; 116 KDa; 97, 4 KDa, serum albumin 66 KDa; 48. 5 KDa; 29 KDa; 18.400 KDa; 14.200 KDa; 6.5 KDa) were measured in all the rabbit groups. Results: Elevation in most parameters was observed in the immunized groups. Carnosine treatment of rabbit groups immunized with SEA, CAP and SWAP in comparison to the non-carnosine-treated immunized groups resulted in amelioration of serum protein fractions in all SEA and SWAP-immunized animals, and reduction in glycogen phosphorylase b in SWAP animals alone. In addition, changes in glycogen content were observed in the CAP-immunized group. Conclusion: L-carnosine has a beneficial effect in the amelioration of most biochemical parameters as a result of S. mansoni antigen immunization.
Introduction
Vaccination, ultimately, is anticipated to be the most effective form of schistosomiasis treatment and control [1] . If proved to be effective and inexpensive enough for worldwide distribution, it would eliminate the need for snail and reservoir host control. To date, a vaccine based on irradiated cercariae offers almost complete protection in experimental animals [2] . The first generation vaccines were directed against infection and/or worm fecundity but currently there is a natural balance, tempering anti-schistosomal responses by stimuli down-regulating the granulomatous reaction against eggs in the tissue [3] . Fasciola spp. can be used as a source of antigen because the fasciolosis worm has common or crossreacting antigens with schistosomes, is associated with high eosinophil levels, and is capable of inducing specific immunological defenses against schistosomiasis [4] .
It has been shown that Fasciola and Schistosoma worm antigens mixed with or without saponin as well as saponin alone are successful in protecting mice against S. mansoni infection. The combinations are more efficacious than saponin and Fasciola antigens alone [5] . This protection is achieved by a reduction in the total number of male and female worms, as well as in the levels of toxins elaborated by them. The role of these antigens in eliminating the products of oxidative stress and assistance in immune-mediated destruction of eggs that ameliorate the histopathological picture of liver cells and preserve its function has been demonstrated [5] . For example, in liver sections, egg granuloma size was reduced in animals vaccinated with Fasciola or Schistosoma eggs as well as Fasciola or Schistosoma eggs with saponin antigens [6] .
Mice immunized with soluble worm antigen preparation (SWAP) and interleukin-12 show a highly statistically significant increase in resistance when compared with those immunized with SWAP only [7] . Laboratory investigations of mechanisms of mammals' immunological responses have long been under intensive scrutiny. Leukocytes react directly with soluble egg antigen (SEA) or SWAP thus losing their property of adherence to glass. SEA induces apoptosis only in T cells from patients [8] . SEA and SWAP, through distinct intracellular signaling pathways, induce peripheral blood mononuclear cell proliferation [9] . The products secreted by schistosome eggs captured in the hepatic granulomata may promote angiogenesis within its granuloma by upregulating endothelial cell vascular endothelial growth factor [10] . L-carnosine (beta alanyl-L-histidine) is present at surprisingly high levels (up to 20 mM) in muscle and nervous tissues in many animals. L-carnosine inhibits lipid peroxidation and oxidative modification of proteins in muscle tissue since it acts as a reactive oxygen species (ROS) scavenger [11] . The recorded minimum effective concentrations of L-carnosine for protection of lipid and protein from oxidation were 2.5 and 1 mM, respectively [12] . It was proved to react with protein carbonyls, thereby generating "carnosinylated" polypeptides and thus protecting the molecules against modification. Conversely, glycation alters protein structure and decreases biological activity. Glycated proteins that have accumulated in affected tissue are reliable markers of disease. The Lcarnosine dipeptide does not only prevent glycation but also plays a role in the disposal of glycated protein [13] . The present work investigated the effect of Lcarnosine administration in SEA, cercerial antigen preparation (CAP) or SWAP-immunized rabbits. The investigated parameters included hepatic total proteins, glycogen content, and 97.4 KDa phosphorylase b. The serum total and certain fractional serum proteins were also tested.
Methodology

Chemicals
All fine chemicals and the L-carnosine used were products of the Sigma Chemical Company, St. Louis, USA.
Animals
Twenty-one male New Zealand white rabbits weighing approximately 2 kg were obtained in-house from the Research Institute of Ophthalmology, Cairo. They were routinely inspected for ecto-and endoparasites. Anesthetic procedures complied with the legal ethical guidelines approved by the Ethical Committee of the Federal Legislation and National Institutes of Health Guidelines in the United States, and were approved by the ethical committee of the National Research Centre in Egypt. An overdose of ether was given gradually to the rabbits to ensure that the animals did not suffer at the final stage of the experiment.
Experimental design and immunizations
The rabbits were divided into seven groups of three rabbits each. Group 1 (G1) was designated the healthy control group. The six treated groups were divided into two large collections each comprised of three groups according to treatment. Batch A was comprised of groups 2, 3 and 4, each of which was injected with a specific antigen (egg, cercariae or worm antigens of S. mansoni) as follows: Group 2, SEA-I; Group 3, CAP-I, Group 4: SWAP-I. Batch B was comprised of groups 5, 6 and 7, each of which was injected with L-carnosine in addition to a specific antigen as follows: Group 5, SEA-I-C; Group 6, CAP-I-C; Group 7, SWAP-I-C. The six groups of rabbits (groups 2-7) were subcutaneously injected with 0.5 mg of the specified antigen formulated with an equal volume of Freund's complete adjuvant. A second booster dose of 1 mg in Freund's incomplete adjuvant (v/v) was injected on day 21. A third booster dose of 1 mg in Freund's incomplete adjuvant (v/v) was injected on day 26. Sera were collected two days after the last immunization in groups 2 to 4. Groups 5 to 7 were injected with an intramuscular dose of L-carnosine at 100 mg/day for 15 days [14] . Blood was collected from control and injected rabbits after decapitation. Samples were allowed to clot for two hours at room temperature and overnight at 4°C. After centrifugation at 100 x g for 15 minutes, sera were separated and stored at -20°C until used.
Preparation of antigen
All antigens used for this research (cercariae, worm and egg antigens of S. mansoni) were obtained from the Theodore Bilharz Research Institute, Giza, Egypt. SEA, CAP and SWAP antigens of S. mansoni were prepared as previously described [15] .
Preparation of liver homogenate
Liver tissue prepared for estimation of total protein content was homogenised, in a normal physiological saline solution at a ratio of 1:10 w/v. The homogenate was centrifuged for 5 minutes at 300 x g at 4°C and the supernatant was used. One gram of liver tissue was boiled in 5 ml 30% KOH for estimation of glycogen. Liver tissue for estimation of glycogen phosphorylase was homogenised in 1:2 w/v of 100 mM maleateNaOH buffer (pH 6.6) containing 20 mM NaF, 1 mM EDTA, 0.5 mg/ml bovine serum albumin and 10 mM DL-dithiothreitol. The supernatant obtained after centrifugation at 3,000 x g at 4 °C used.
Biochemical determinations
The following biochemical parameters were measured: (a) total protein content [16] ; (b) glycogen (assayed according to the method of Nicholas et al.) [17] ; (c) glycogen phosphorylase [18] ; and (d) serum protein fractions [19] , using 10-20% gradient polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate. The gel was stained with Coomassie Brilliant Blue R250 (CBB R250) followed by silver staining, which is more sensitive than CBB R250 alone. To enhance the detection sensitivities for other proteins, the gel was dried according to the method of Jaung et al. [20] . The following individual protein fractions were used as standards: alpha-2-macroglobulin, 180 kDa; galactosidase, 116 kDa; phosphorylase b, 97.4 kDa; serum albumin, 66 kDa; fumarase, 48.5 kDa, carbonic anhydrase, 29 kDa; betalactoglobulin, 18.4 kDa; alpha-lactalbumin, 14,200 kDa and aprotinin, 6.5 kDa [21] . The electrophoretic results were recorded as percentages of the concentration of total protein, expressed as mg protein/ml. Electrophoretic separation bands were measured using a Helena Scanner (Junior 24, Helena, Beaumont, TX, USA) at 600 nm.
Statistical analysis
Data are expressed as means ± SD, and were analyzed using analysis of variance (ANOVA) (SPSS, Chicago, IL, USA).
Results and discussion
In the present study, the CAP-I and SWAP-I groups of animals in batch A showed decreased hepatic glycogen levels (Table 1 and Figure 1 ). Glycogen phosphorylase b was decreased in the SWAP-I group only. The decreased phosphorylase b activity in the SWAP-1 group may reflect inhibition of enzyme activity due to low concentrations of glycogen [22] . Although phosphorylase b is the inactive form of the enzyme, it represents the source of the active form, phosphorylase a [23] . The disturbance of either glycogen or 97.4 kDa phosphorylase b reflects disturbed metabolic machineries of hepatic energy reactions. The decreases in two energy factors magnify the naturally-targeted local suppressive effect of the experimental (unnatural) high dose of the antigens. These changes could denote the need for these two parasite developmental stages, cercaria and adult worm, to weaken the host liver tissue by disturbing the hepatic energy supply to complete the parasite biological goal (i.e., complete their life cycle). Hence the antigens of both stages have this inherited host energy suppressive ability. Meanwhile, the SEA-I group did not show any deviated value of the three hepatic parameters. -Data are expressed as means ± SD of rabbits in each group as follows: I = immunized by antigen; I-C = immunized and L-carnosine-treated -Analysis of data was performed by one-way analysis of variance (ANOVA) accompanied by post hoc least significant difference (LSD; SPSS computer programme).
-P is level of significance, where P < 0.05 is significant -ANOVA P < 0.0001 for all parameters except total protein where P < 0.006 *Number of groups which have a significant correlation between each other The passive effect of egg antigen reflects the difference of biological activities among the three parasite stages, cercaria and worm on one side and egg on the other. This might be explained by the eggs being metabolically quiet, while the cercaria and the adult worm actively secrete their hepatic residue [24] .
Results of serum protein fractions from the three groups in batch A (carnosine non-treated) revealed a relatively smaller number of affected parameters in comparison to the batch B groups (carnosine-treated). (Table 2 , Figures 2 and 3) . The ten deviated parameters from batch A were distributed between the SEA-I (four increased parameters) and CAP-I groups (four decreased parameters) while SWAP-I animals showed two decreased parameters. The four increased protein fractions of the SEA-I group were 180 kDa, 116 kDa, 97.4 kDa and serum albumin 66 kDa. Serum albumin is, among other proteins, involved in the inflammatory acute phase reaction response. Acute phase response is a constellation of host reactions indicating acute or chronic diseases [25] . In a study involving the administration of a huge number of Schistosoma eggs (20,000) into the portal veins of mice, high levels of 180 kDa alpha-2-macroglobulin were correlated with significantly greater mean size of the granuloma at four weeks post-injection in relation to cercariae infestation control [26] . Another study recorded the expression of 180 kDa and its mRNA by granuloma cells but not the surrounding liver parenchymal cells or serum [27] . The present study's increase of the serum 180 kDa fraction is not wholly contradictory as the SEA was systematically injected. Furthermore, an increase in the 180 kDa fraction has previously indicated a decreased immunity to the galactosidase enzyme, which has hydrolytic abilities, among others, to disturb specific cell surface receptors [28] . The increase in the 116 kDa galactosidase might, in an ordinary infestation, help to facilitate the exit of -Data are expressed as means ± SD of rabbits in each group -Serum protein fractions are expressed in mg protein/ml -I = immunized by parasite antigen; I-C = immunized and L-carnosine-treated -P is level of significance, where P < 0.05 is significant -Analysis of data was performed by one way analysis of variance (ANOVA) accompanied by post hoc least significant difference (LSD; SPSS computer programme) -ANOVA significant P < 0.0001 in all parameters and 14.8 KDa P < 0.005 *Number of groups which have a significant correlation between each other the numerous eggs by disturbing the surface of hepatic cells to weaken the host tissue's exit passageway. These three deviations might facilitate the native biological goal of the whole egg to exit out of the liver, where it was laid, into the environment. Natively, the intact egg, in a natural infestation has two main weapons to help its exit: the injurious spine and SEA. Both together could elicit mechanical and metabolic disturbances that could weaken the tissue by mild, chronic, local inflammation to facilitate egg exit. The decrease of the 180 kDa fraction points to a high native defense of the animal host against the cercaria. De Meirleir [29] stated that a deficiency of the 180 kDa (alpha-2-macroglobulin) fraction also showed an increased host defense against invading organisms. As either direction in deviation from normal is considered negative for the host, the decrease of the 48.5 KDa fraction meant a reduction of a powerful host energy agent by CAP, the representative of the cercaria. The suppressed 48.5 kDa (fumarase) fraction reflected the huge furnace machine of the cell, the citric acid cycle. The increased hepatic weakening ability of the cercaria antigen compared to that of the worm is attributable to the Schistosoma life cycle.
In the batch B animals, L-carnosine caused modifications of the results of tested parameters in comparison to the corresponding values from batch A animals. The L-carnosine increased liver glycogen content in both the CAP-I-C and SWAP-I-C groups ( Figure 1 and Table 1 ). Previous records indicating the ability of L-carnosine to save glycogen metabolic machineries under stressful conditions support these results. For example, L-carnosine caused recovery of glycogen levels experimentally depleted with noradrenaline in rats [30] . In addition, L-carnosine was also stated to restore phosphorylase b activity during muscle contraction accompanying moderate pH changes [31] . L-carnosine caused greater glycogen recovery in the CAP-I-C than in the SWAP-I-C group, indicating that it nullified the strong action of the short-lived cercaria. L-carnosine has been suggested to have an activating effect on glycogen and glycogen phosphorylase, which catalyses the central reaction in glycolysis [32] . Glycogen recovery was proportional to decreased phosphorylase activity in the CAP-I-C group. This moderate difference in the increase of glycogen content between both groups, CAP-I-C and SWAP-I-C, by L-carnosine cannot account for the huge difference in the change of the enzyme activity in both conditions. However, the fact that metabolic integrations allow multiple different factors to interact is a plausible explanation. The results of the three groups, SEA-I-C and CAP-I-C and SWAP-I-C (Table  2 , Figures 2 and 3) , collectively showed twelve significant deviated parameters from the controls. However, these animals presented more deviations (30 parameters) relative to the corresponding parameters from the animals in group A. The changes of all protein parameters all showed significant reduction, thus, in both comparisons, the deviations were greater in the SEA-I-C and CAP-I-C groups than in SWAP-I-C. The SEA-I-C group showed twelve out of the 30 group B parameters, presenting further decreases. In the CAP-C group, seven parameters were reduced, while SWAP-I-C animals presented only one lowered level (the 29 kDa fraction). The small number of deviated parameters in SWAP-C animals might reflect an inherited ability of the animal's body to combat the adult worm. The decrease of almost all parameters in SEA-I-C and CAP-I-C animals, as opposed to the small number in SWAP-I-C animals, can be attributed to the biological interrelations between both parasite and host tissues. Also, the high (experimental) dosages of antigen may not have matched the corresponding amounts in natural infestation. The natural short timespan of both developmental stages (i.e., eggs and cercariae which are transient in the liver) in host tissues support this explanation. After the eggs are laid, the majority are expelled outside the liver and intestine. On the host side, serum albumin has, evolutionarily, long been exposed to worm antigen. However, L-carnosine, a natural host component, might have not ever experienced such a high dosage of egg or cercerial antigens during evolution. The presence of L-carnosine, being unable to normalize the decreased protein parameters, resulted in further numerous decreases [32] . Dixit et al. [33] proved that vitamin C, in large doses, caused inhibition of key enzymes in carbohydrate metabolism. The foregoing immunological results support the relative actions of the three antigens. However, the authors stated that the histopathological picture of SWAP-C-treated animals showed a greater immunological defence in lymph nodes' cellular reaction, presented as sinus histiocytosis [34] . Nassr et al. recorded that anti-SWAP IgG1 and IgG4 were increased in schistosomiasis [35] . However, to potentiate the SEA vaccine action against schistosomiasis, combined administration of SEA in conjunction with 28 kDa glutathione-S-transferase antigens in infected animals was suggested [36] . Nevertheless, the abovementioned conservation of hepatic glycogen and phosphorylase by carnosine combating the high antigen doses could be ascribed to its welldocumented antioxidant action [11] . This apparently contradicts its decreasing effect on the tested serum parameters, which could be ascribed to a pro-oxidant effect. Pro-oxidant effects were previously recorded for other antioxidant agents as well as L-carnosine when given in high dosages, for example vitamin C [37] . The peculiarity in the present results was the record of the presence of both antioxidant action (favorable increase in glycogen content) as well as moderate pro-oxidant effect (the decreases in serum protein concentrations). However, this difference could be explained by the previously reported selectivity of L-carnosine in regulating animal body biochemical machineries to pathological challenge [38] . The mechanisms by which L-carnosine could cause selective changes are multiple. L-carnosine intracellular defense mechanisms against ROS were stated to protect phospholipid organelles that could help the biochemical energy machinery of host cells [11] . L-carnosine is a potent and selective scavenger of alpha, beta-unsaturated aldehydes, typical byproducts of membrane lipid peroxidation (considered second messengers of the oxidative stress response), and inhibits aldehyde-induced protein-protein and DNA-protein cross-linking in neurodegenerative disorders such as Alzheimer's disease [39] . Lcarnosine involvement in the activation of natural systems of host immune resistance has been reported. It induced liberation of the immune modulator intermediates, cytokines and interleukins. It could also bind to immune system cell receptors that stimulated the liberation of hepatocyte growth factor and cytokines, causing liver recovery [40] . L-carnosine can be useful as a prophylactic treatment to protect the liver against hypoxia-reoxygenation damage [41] . It also promoted liver regeneration in partially hepatectomized mice, which was shown in highly significant increases in weight, RNA content, and many hepatic proteins. The modulation of host immune response against SEA by L-carnosine could be comparable to the immune modulation of S. mansoni egg recorded by immunomodulators [42, 43] .
In conclusion, immunological studies should investigate further the effect of smaller dosages of Lcarnosine combined treatment. The selectivity of Lcarnosine proved favorable for hepatic glycogen content. The various decreased protein parameters should be tested with smaller L-carnosine dosages. It is expected that smaller dosages may be able to normalize most tested proteins.
